Backgrounds: Maternal employment has been shown to be associated with childhood overweight and obesity (Ow/Ob), but the presence of family members who care for children in place of the mothers might influence children's Ow/Ob and lifestyles. The influence of maternal employment on children's Ow/Ob should be examined together with the presence of caregivers such as grandparents. Objectives: The effects of maternal employment and the presence of grandparents on lifestyles and Ow/Ob in Japanese pre-school children were investigated. Design/Subjects: Cross-sectional study on 2114 children aged 3-6 years who attended all childcare facilities in a city and primary caregivers was conducted. Measurements: Children's weight and height, family environments (family members, maternal employment, single parent, number of siblings and parental Ow/Ob) and lifestyles (dietary, physical activity and sleeping habits) were surveyed using a selfadministered questionnaire. Ow/Ob was defined by the International Obesity Task Force cut-offs. Results: The eligible participants were 1765 children. The prevalence of Ow/Ob was 8.4% in boys and 9.9% in girls. Maternal employment was associated positively with irregular mealtimes, unfixed snacking times, bedtime after 10 p.m. and nighttime sleep duration of less than 10 h, whereas three-generation families were associated negatively with irregular mealtimes after adjustment for children's characteristics and family environments. Irregular mealtimes (OR (95% CI); 2.03 (1.36, 3.06)) and nighttime sleep duration of less than 10 h (1.96 (1.28, 3.01)) were associated with increased risks of being Ow/Ob. Both maternal employment and three-generation families were significantly associated with children's Ow/Ob. However, threegeneration families maintained a significant association (1.59 (1.08, 2.35)) after adjustment for maternal employment. Conclusions: These study results suggest that the grandparents who care for pre-school children in place of mothers are more likely to contribute to childhood Ow/Ob than maternal employment. The family-focused lifestyle strategies to prevent childhood Ow/Ob must include grandparents who care for children.
Introduction
The increasing prevalence of overweight and obesity in children is a major worldwide health concern.
1-3 Prevalence of overweight including obesity (Ow/Ob) among Japanese children has more than doubled in the past three decades from 1970 to 2000, with the most recent estimates indicating that about 10% of children are Ow/Ob. 4 Ow/Ob children are more likely to become Ow/Ob when they grow up, [5] [6] [7] and are associated with several health problems such as coronary heart disease, 8 metabolic syndrome 9 and premature death. 10 Therefore, early prevention of Ow/Ob is emerging as an important strategy to reduce associated short-and long-term morbidity.
Daily lifestyle behaviors affect Ow/Ob. Several studies have shown that skipping breakfast, 11 snacking at unfixed times, 12 watching television (TV) for long duration [13] [14] [15] [16] [17] and sleeping for short time duration 18, 19 are associated with an increased risk of Ow/Ob in childhood and adolescence.
Family environments influence children's Ow/Ob. One study showed that single parents and the number of siblings influenced children's physical activity and TV viewing time. 20 Another study showed that caregivers' short sleep duration was associated with children's nighttime short sleep duration. 19 Therefore, family environments as well as children's daily lifestyles need to be considered when assessing risks of children's Ow/Ob. Maternal employment is one of the family environments, which influences children's lifestyles. A recent longitudinal study in UK showed that children with working mothers were more likely to be Ow/Ob than those of non-working mothers, and children's likelihood of being Ow/Ob increased with the mother's working time. 21, 22 The maternal employment might induce long hours of absence at home and affect children's lifestyles such as dietary, physical activity and sleeping habits. Employment among women has increased, including mothers of pre-school children in Japan 23 as well as in western countries. 24 However, more than 20% of parents with children under the age of 6 lived with other family members such as grandparents in Japan, 25 and mothers living with their grandparents had a higher employment rate. 26 The presence of grandparents who care for children in place of the mothers might also influence children's lifestyles and/or the incidence of Ow/Ob. However, there is only a limited study to examine the association between the presence of grandparents and children's lifestyles. One qualitative study conducted in China showed that grandparents influence children's eating behaviors, 27 and another study conducted in Japan showed that living with grandparents influences children's physical activity. 28 Therefore, the influence of maternal employment and children's lifestyles on Ow/Ob should be examined together with the presence of caregivers in place of mothers. The objectives of this study were to investigate the influence of maternal employment and the presence of grandparents on pre-school children's Ow/Ob and their daily lifestyles in Japan.
In Japan, most of the pre-school children aged 3 and older are attending childcare facilities such as nursery schools or kindergartens. Therefore, childcare facilities are a suitable target for investigating the influence of family environments and lifestyles on childhood Ow/Ob. The study was conducted on all pre-school children attending all childcare facilities in a city.
Subjects and methods

Study population and study design
The study population was 3-6-year-old children who attended all childcare facilities (24 nursery schools and 10 kindergartens) in a city in the Tohoku region and their principal caregivers. This cross-sectional study was performed in April 2003.
Only those parents who agreed to participate in the study anonymously returned the questionnaire. We considered informed consent was obtained by receiving the filled-in questionnaire from the parents. Research ethical approval was received from the research ethics committee of Kyoritsu Women's University (approval number 09011).
Measures
A self-administered questionnaire was delivered by staff members of each facility to the principal caregivers of the children and was returned to each facility after completion of the questionnaire at home. The questionnaire included items about the children's characteristics, children's daily lifestyles and family environments.
Children's characteristics and anthropometric measurements. Children's characteristics included age, sex and the birth weight. Children's body weight and height were measured with standard methods at each facility in early April. Body weight was recorded in kilograms to one decimal place, and height was recorded to the nearest millimeter. The measurements were recorded in health handbooks, which were given to principal caregivers. The principal caregivers filled out the questionnaire after referring to the handbook. 
Statistical analysis
Using logistic regression analyses, models were built in three stages. The first model, univariate logistic regression analyses to examine the significance and strength of associations of children's characteristics and family environment variables with children's Ow/Ob, were conducted. Children's characteristics and family environment variables associated with children's Ow/Ob at the Po0.1 level were considered as potential confounders and included in the further logistic regression models. The second model was built to adjust potential confounders to examine the association between maternal employment status or type of family household and children's lifestyles, and the association between children's lifestyles and children's Ow/Ob. Further, to test the independent association between maternal employment status or type of family household and children's Ow/Ob, the third model was built to mutually adjust the maternal employment status or type of family household. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were used as a measure of effects and statistical significance. All analyses were conducted by using SAS (version 9.1, SAS Institute Inc., Cary, NC, USA). A P-value o0.05 was considered statistically significant and P-values were based on two-sided tests.
Results
Participants
At the time of the survey, 2114 children (aged 3-6 years) attended all childcare facilities in the city, and 1867 (88.3%) children returned a completed questionnaire. When their mother had missing work responses (n ¼ 91) or their father had not worked (n ¼ 11), children were excluded from the study analysis. Finally, 1765 (83.5%) children were eligible Family environments and children's overweight E Watanabe et al for the analyses. Over 98% of main respondents were children's mothers. Study participants' characteristics are shown in Table 1 . The mean age of the children was 4.2-years old and 51.6% were boys. The prevalence of Ow/Ob was 8.4% in boys (6.1% Ow; 2.3% Ob) and 9.9% in girls (8.8% Ow; 1.1% Ob). Single parent family was 8.6%. The prevalence of one or both parents' Ow/Ob was 26.5%.
The variables associated with children's Ow/Ob at a level of Po0.1 were children's characteristics (age, sex and birth weight) and family environments (number of siblings and parental Ow/Ob) ( Table 1) , and were considered potential confounders. These children's characteristics and family environment variables were included in the multiple logistic regression models for adjustment after here. Table 3 shows the association between maternal employment status or type of family household and children's daily lifestyles. Maternal employment was significantly associated with irregular mealtimes, snacks at unfixed times, bedtime after 10 p.m. and less than 10-h sleep duration. These associations were observed not only in univariate analysis but also after adjustment for potential confounders and three-generation family. Three-generation family was significantly associated with regular mealtimes and snacks at unfixed times. The association between three-generation family and regular mealtimes remained after adjustment for potential confounders and maternal employment. Table 4 . Among the participants, 75.5% of the children's mothers were employed and 52.0% of the children lived in threegeneration families. Both maternal employment and threegeneration family were significantly associated with childhood Ow/Ob in the univariate and adjusted analysis. However, in a mutually adjusted further analysis, maternal employment was not significantly associated with childhood Ow/Ob after adjustment for three-generation family, whereas three-generation family maintained a significant association after adjustment for maternal employment.
Association of children's daily lifestyles with Ow/Ob
Discussion
The study purpose was to clarify the influence of maternal employment and three-generation family on pre-school children's Ow/Ob. The study results revealed that both Family environments and children's overweight E Watanabe et al maternal employment and a three-generation family were significantly associated with children's Ow/Ob. However, a three-generation family, that is grandparents who care for children in place of mothers, had around 1.6 times higher risk to be Ow/Ob independent of maternal employment status and other potential confounding factors, such as children's characteristics and family environments. A three-generation family was significantly associated with a lower risk of irregular mealtimes, whereas maternal employment was associated with a higher risk of irregular mealtimes and snacking at unfixed times. In a UK study, rapid weight gain occurred in children cared for by grandparents than in children cared for by their parents. 35 A qualitative study in Chinese three-generation families has reported that grandparents used food as an educational and emotional tool, which shaped the behavior of their grandchildren. 27 Our current study did not measure quantitative and/or qualitative contents of children's meals and snacks. It might mean that grandparents regularly offer unlimited quantity of meals and/or sugar-sweetened snacks to their grandchildren, and this might be one of the reasons for the increased risk of Ow/Ob in children cared for by their grandparents in Japan, too.
In the present study, maternal employment was not significantly associated with childhood Ow/Ob after adjustment for three-generation family. Children are largely cared for by mothers in Japan, and employed mothers tend to be more reliant on grandparental care than housewives. Among the study participants, 58.0% of employed mothers were living in three-generation families as compared with 33.7% of fulltime housewives, regardless of single or two parents. A single parent consisted of only mothers' families in our study participants (99.3%). Thus, maternal employment and a three-generation family could interact with the children's Ow/Ob. However, there are no studies concerning the influence of maternal employment and three-generation family on children's Ow/Ob simultaneously. This reason will be one of strengths of this study.
Furthermore, a single parent has appeared to be one of the family environments related to children's Ow/Ob. 21, 36 However, there was no significant association in the current study. Single parents could be more reliant on grandparents than two parents, because of living in proximity. In current study participants, single parents had higher maternal employment (91.4%) and living in three-generation families (68.2%) as compared with two parents (74.0 and 50.5%, respectively). Future studies are needed to examine whether to receive grandparents' support, regardless of living with or without them.
In the study of UK children, Hawkins et al. 21 reported that children, regardless of attending childcare facilities or not, were more likely to be Ow/Ob at age 3 years if their mother held any employment since childbirth in a longitudinal study. Our study children ranged in ages 3-6, and the study design was cross-sectional. The prevalence of employed mothers typically rises with children's age, but mothers who were classified into employment in our study might have included mothers who had begun to work as well as those who continued to work. In the adjusted model, children's age was included as confounding factors, but these differences of classification might attenuate the association between maternal employment and children's Ow/Ob in our study. Further study that includes duration of maternal employment will be needed. Among the children's lifestyles, sleep duration for less than 10 h at night and irregular mealtimes were significantly associated with children's Ow/Ob after adjustment for children's characteristics, family environments, maternal employment and three-generation family. The association of short nighttime sleep duration with Ow/Ob was consistent with other studies in children, 18, 19, 37 although definitions of short sleep duration varied based on the age of the children being studied. A recent systematic review also suggested that short sleep duration might be an independent risk factor for weight gain and Ow/Ob, particularly in younger populations. 38 Efforts to secure sufficient sleeping time at night as part of the family environments to prevent children's Ow/Ob will be required. Our finding suggests that irregular mealtimes were associated with childhood Ow/Ob. Few studies have examined the influence of irregular mealtimes on Ow/Ob, although some studies have addressed this as one potential factor. 21, 35 Farshchi et al. 36 have examined the effects of regular meal frequency on energy metabolism in healthy women. The results showed that regular eating had a beneficial effect on dietary thermogenesis. Skipping breakfast was not significantly associated with childhood Ow/Ob in the present study, although a few studies found significant association.
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Irregular mealtimes include skipping meals, thus regular eating habits could be an important element for the prevention of childhood Ow/Ob with controlled quantity and quality of meals. Both indices of physical activity, watching TV more than 2 h and daily time spent playing outside, were not associated with childhood Ow/Ob after an adjusted analysis in the present study. Many other studies showed consistent positive association between longer TV watching time and childhood Ow/Ob. 13, 16, 18 Other recent findings of Steele et al. 39 reported time spent in vigorous-intensity physical activity appeared to be more strongly and negatively associated with adiposity than with sedentary time spent with electronic games, computer, Internet and TV use in UK children. Our study participants were the children who attended childcare facilities. Childcare facilities in Japan provide extended care if necessary for the children with working mothers. Time spent at home is different for each child, thus time spent watching TV at home or time spent playing outside which represent moderate intensity of physical activity in our study may not fully reflect physical activity levels. Future studies of the association between physical activity levels and childhood Ow/Ob in pre-school children are needed.
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Finally, for the examination of the independent influence of maternal employment or three-generation family on children's Ow/Ob apart from the children's daily lifestyles, which is associated with Ow/Ob, we added lifestyle variables to the adjusted model. The lifestyle variables were regular mealtimes and nighttime sleep duration. The results showed neither three-generation family nor maternal employment were significant (1.42 (0.93, 2.16), 1.10 (0.66, 1.84 ), respectively) (data not shown). It could be interpreted that the effects of the presence of grandparents on childhood Ow/Ob was mediated through children's lifestyle behaviors.
Children spent much more time with family members such as their grandparents in three-generation families than with their two-generation family. Therefore, family-focused education, involving not only parents but also grandparents who care for children, is a useful framework for developing a healthy lifestyle behavior in young children.
The present study had several limitations. Firstly, social economic status, such as parents' educational level and/or household economical level, might affect the children's Ow/Ob, but our study could not include these kinds of parameters. The mean of household income of the study area was almost the same with the average household income of the Japan (the monthly income per household in the year 2000 was 596.4 thousand yen, and the national average was 566.6 thousand yen: 40 approximately 59 640 and 56 660
Euro in the year 2000, respectively), and the range of household income was relatively smaller than other developed countries. 41 Secondly, measurements were based on the parents' reports. In particular, parents' body weight and height might be under-reported, although children's weight and height were measured at each childcare facility on the eve of the study. Thirdly, this study did not include the contents of meals and intensity of physical activity. Thus, these might cause underestimation of our study results than real associations. Further studies concerning detailed and objective measurements of not only children's lifestyles but also family environments are essential. However, the current study surveyed all children attending all childcare facilities in the study area and covered 93.3% of the children living in that area, and yielded a relatively high response rate (83.5%). Among the study participants, more than half (52%) of the study participants were threegeneration families, and more than 75% of mothers were working at the time of the survey. Thus, our study could cover a wide range of family environmental characteristics with a high proportion of three-generation families in Japan.
In conclusion, the study results suggest that the grandparents who care for pre-school children in place of mothers are more likely to contribute to childhood Ow/Ob than maternal employment. Irregular mealtimes and short sleep duration at night were contributing factors of children's Ow/Ob. These findings indicate that family-focused behavioral strategies to prevent childhood Ow/Ob must include grandparents who care for children, because lifestyle is established early in life.
